DESCRIPTION

METHOD FOR EVALUATING SOI SUBSTRATE

TECHNICAL FIELD
[0001]

The present invention relates to an SOI (Silicon On
Insulator) substrate that is manufactured by bonding
silicon single crystal wafers to each other, and more
particularly to an evaluation of an SOI substrate used for

producing a radio-frequency device, etc.

BACKGROUND ART
[0002]

With rapid spread of mobile terminals and wireless
communications, an RF (Radio-frequency) device primarily
intended for a communication interface has attracted
attention and it is considered to rapidly evolve in the
future. In recent mobile terminals and personal
computers, devices with low power consumption have been
increasingly adopted. 1In such cases, using an SOI
substrate provides a merit of a reduction in power
consumption due to a decrease in leak current. Further,
using SoC (System on a Chip) or the like to incorporate
the RF device is also considered, and using an SOI wafer
can provide a merit of reducing crosstalk between
devices in terms of characteristics of an RF transistor.
[0003]

Here, the crosstalk means propagation of an
undesired electrical signal between devices, and the
signal is propagated through a capacitor between wiring
lines of devices or through a wafer, for example.

Although the crosstalk is reduced as a resistivity of



the wafer is increased, a wafer resistivity of a device
forming portion cannot be actually extremely increased.
[0004]

However, when the SOOI wafer is used, since a
buried oxide film layer (a BOX layer) 1s present between
the SOI layer and the base wafer, the crosstalk can be
reduced. Furthermore, since a device is not formed on
the base wafer serving as an underlying layer of the BOX
layer, a high-resistance base wafer can be used without
being subject to limitation of device formation, thereby
improving RF characteristics.

[0005]

However, when the high-resistance base wafer is
used, electric field can be applied to the BOX layer
depending on an arrangement of sources/drains and other
electron circuits produced on the S0OI layer to generate
a inversion layer on an interface between the BOX layer
and the base wafer. In such a case, a desired radio-
frequency characteristic cannot be obtained in spite of
using a high-resistance wafer, since the radio-frequency
characteristic is adversely affected. It is to be noted
that as the high-resistance, a substrate of 1000 Q-cm or
more 1s generally used in many cases.

[0006]

As a countermeasure, it is considered that the
degradation of radio-frequency characteristics due to
the inversion layer can be prevented by increasing an
interface state density (hereinafter, also referred to
as Dit) to trap carriers in an interface state.

As such a technology, for example, it has been
known a technology that introduces an intermediate layer
(a trap layer) such as a polysilicon layer or a nitride

oxide to an interface between a BOX layer and a base



wafer, and can obtain an SOI wafer with good radio-
frequency characteristics thereby so as not to form a
inversion layer (see, e.g., Patent Documents 1 and 2,
Non-Patent Document 1).

[0007]

It has been also introduced a method in which a
silicon wafer having the plane orientation different
from the silicon wafer to be an SOI layer is used as a
base wafer to prevent deterioration of radio-frequency
characteristics (e.g., Patent Document 3).

[0008]

The foregoing technologies are essential to obtain
good radio-frequency characteristics. 1In evaluating the
technologies, substrate resistance can be measured by a
method such as a spreading resistance measurement and so
on, for example. However, there 1s not an evaluation
method to directly measure characteristics of a trap
layer (a functional layer) immediately under a BOX layer.
Accordingly, there has been a problem that the radio-
frequency characteristics can be evaluated only by a
method in which an actual device is produced to measure

a leakage power, etc.
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SUMMARY OF INVENTION
TECHNICAL PROBLEM
[0011]

The present invention was accomplished in view of
the above-described problems. It is an object of the
present invention to provide a method for evaluating an
SOI substrate suited for a radio-frequency device in a
simpler manner as possible without forming a device

actually for measuring radio-frequency characteristics.

SOLUTION TO PROBLEM
[0012]

To solve the problems described above, the present
invention provides a method for evaluating a radio-
frequency characteristic of an evaluation target SOI
substrate upon application of radio-frequency,
comprising the steps of:

forming a device onto a measuring SOI substrate,
and on the measuring SOI substrate, previously
determining a relationship between an interface state

density and a leakage power upon application of radio-



frequency, or converting the interface state density to
a resistance followed by previously determining a
relationship between the converted resistance and the
leakage power;

measuring an interface state density of the
evaluation target SOI substrate to determine the
interface state density or a resistance converted from
the interface state density;

evaluating a leakage power of the evaluation
target SOI substrate from the measured interface state
density of the evaluation target S80I substrate on the
basis of the previously determined relationship between
the interface state density and the leakage power, or
from a resistance converted from the measured interface
state density of the evaluation target SOI substrate on
the basis of the previously determined relationship
between the resistance and the leakage power.

[0013]

By such a method, it is possible to simply
evaluate an SOI substrate suited for a radio-freguency
device in a stage of an S0OI substrate not to measure the
radio-frequency characteristics after forming a device

actually.

ADVANTAGEOUS EFFECTS OF INVENTION
[0014]

As described above, the present invention makes it
possible to simply evaluate an SCI substrate whether it
is suitable for a radio-frequency device or not without
producing an actual device. This can be converted to a
resistance, which is common as a specification of a
wafer, and can be defined by a simple value in terms of

the resistance as an indicator.



BRIEF DESCRIPTION OF DRAWINGS
[0015]

FIG. 1 is a schematic diagram showing an example
of an SOI substrate for measurement and evaluation in
the present invention;

FIG. 2 is an example comparing an existence or
nonexistence of a trap layer immediately under a BOX
layer in an SOI substrate;

FIG. 3 is a figure showing an example of a
relationship between an interface state density and a
leakage power upon application of radio-frequency on a
measuring SOOI substrate, which is previously determined
in the present invention;

FIG. 4 is a figure showing an example of a
relationship between a converted resistance and a
leakage power, which is previously determined in the
present invention with the interface state density being
converted to the resistance;

FIG. 5 is a figure showing an example of
calculating an interface state density by a pseudo

MOSFET in the present invention.

DESCRIPTION OF EMBODIMENTS
[0016]

Hereinafter, the present invention will be
described in detail, but the present invention is not
limited thereto.

[0017]
(First embodiment)

The first embodiment involves the first step of
previously determining a relationship between an

interface state density and a leakage power upon



application of radio-frequency by using a measuring SOI
substrate.

The measuring SOI substrate to be prepared
includes the one same with an evaluation target SO0I
substrate 5 having an S0OI layer 1, a BOX layer 2 of a
silicon oxide film, a base wafer 4, and a trap layer 3,
which suppresses generation of a carrier at the
interface of the BOX layer 2 and the base wafer 4, as
shown in FIG. 1.

[0018]

Then, an interface state density of the measuring
SOI substrate 5 is measured to determine the interface
state density. It is to be noted that the measurement
of the interface state density can be performed by a
pseudo MOSFET method using a mercury electrode described
in Non-Patent Documents 2 and 3. Alternatively, the
interface state density can be measured by a CV method
described in Non-Patent Document 2 after removing the
SOI layer with an alkaline solution.

[0019]

On the measuring SOI substrate, radio-frequency is
also applied after forming a device, and a leakage power
at that time is measured.

By using the interface state density and leakage
power upon application of radio-frequency of the SOI
substrate 5 measured as described above, a relationship
between them is previously determined.

[0020]

Then, the next step is performed to measure an
interface state density of an evaluation target SOI
substrate to determine the interface state density.

In the beginning, the evaluation target SOI

substrate is prepared. The evaluation target SOI



substrate, too, is the S0I substrate 5 having an SO0I
layer 1, a BOX layer 2, a trap layer 3, and a base wafer
4 as shown in FIG. 1. An interface state density of
this evaluation target SOI substrate 5 is measured to
determine the interface state density. It is to be
noted that the interface state density can be measured
by a pseudo MOSFET method using a mercury electrode or a
CV method as described above.

[0021]

Subsequently, a step of evaluating a leakage power
of the evaluation target SOI substrate is performed.

As described above, the leakage power of the
evaluation target SOI substrate can be estimated and
evaluated from the measured interface state density of
the evaluation target SOI substrate on the basis of the
previously determined relationship between the interface
state density and the leakage power on the measuring SOT
substrate.

In this way, the present invention makes it
possible to evaluate the leakage power, that is radio-
frequency characteristics, of an S0OI substrate without
producing a device actually onto the evaluation target
SOI substrate.

[0022]
(Second embodiment) ‘

The second embodiment involves the first step of
previously determining a relationship between a
converted resistance, which is based on a measurement
result of an interface state density of a measuring SOI
substrate, and a leakage power.

The interface state density can be converted to
the resistance by the following method.

On the basis of a relaticonship of Equation 1, the



value of SSL (Subthreshold Slope) can be determined from
the interface state density. 1In this case, SSL is
defined as voltage (Vg4) change when the current (Ig)
increases one order of magnitude as shown in FIG. 5.
Incidentally, Cox represents a BOX layer capacity, and
Cgi represents an SOI layer capacity.

This SSL is defined as a resistance RD (which
corresponds to V/I of a resistance component in Equation
2) determined from the interface state density. Then,
this resistance RD is converted to an ordinal resistance.
The scaling factor in this conversion can be determined
previously from the results of radio-frequency
measurement (Equations 2 and 3). Incidentally, p
represents a resistivity, and Rgp represents a spreading
resistance.

[0023]
[Equation 1]
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[0024]

On the measuring SOI substrate, radio-frequency is
also applied after forming a device, and a leakage power
at that time is measured.

In this manner, by using the resistance converted
from the measurement result of an interface state
density and leakage power upon application of radio-
frequency determined by measurement, a relationship
between them 1s previously determined.

[0025]

From the resistance converted from the measured
interface state density of the evaluation tarxget SOI
substrate, a leakage power of the evaluation target SOI
substrate is evaluated on the basis of the previously
determined relationship between the resistance and the
leakage power.

In this case, the interface state density of the
evaluation target SOI substrate is measured, and the
obtained interface state density is converted to a
resistance in the same manner as described above.

[0026]

In this manner, the leakage power of the
evaluation target SOI substrate can be estimated and
evaluated from the resistance converted from the
interface state density of the evaluation target SOI
substrate on the basis of the previously determined
relationship between the resistance and the leakage
power on the measuring SOI substrate.

[0027]

10



As described above, the present invention makes it
possible to evaluate the leakage power of an SOI
substrate without producing a device actually onto the
evaluation target SOI substrate. It 1is also possible to
indicate the substrate characteristics by one criterion
of a resistance since the interface state density is

converted to the resistance.

EXAMPLE
[0028]

Hereinafter, the present invention will be
described in more detail with reference to Examples, but
the present invention is not limited thereto.

A silicon single crystal wafer doped with boron
having a diameter of 200 mm and a resistivity of 1000
Q-cm was used as a base wafer. To this base wafer, 3 um
of a polycrystalline layer was grown by using
trichlorosilane as a raw material gas at 1150°C for a
growth time of 3 minutes. Subsequently, 0.5 pm of a
polycrystalline layer was grown by using monosilane as a
raw material at 570°C for a growth time of 20 minutes to
form a trap layer.

[0029]

This wafer was bonded with a bond wafer, in which
a silicon wafer doped with boron having a diameter of
200 mm and a resistivity of 1000 Q-cm had been treated
at 1150°C in a Pyro atmosphere for 6 hours to form 1000

nm of an oxide film as a BOX layer, and was subjected to
bonding heat treatment. Then, this was reduced the film
thickness by polishing to produce an SOI substrate so as
to have a 160 nm SOI layer. In the same manner, plural
SOI substrates were produced.

These SOOI substrates were treated at 450°C in a

11



nitrogen atmosphere containing 1% of hydrogen with
varying the annealing time from 5 minutes to 30 minutes
to produce plural SOI substrates with the interface
state density between the BOX layer and the base wafer
being varied.

[0030]

On these plural SOI substrates with the interface
state density being varied, each interface state density
was measured by a pseudo MOSFET method using a mercury
electrode described in Non-Patent Documents 2 and 3.
[0031]

Subsequently, the SOI layer of each SOI substrate
was removed by alkaline etching, and then Al was
deposited thereto with a thickness of 2 um in order to
measure the leakage power. Further, photolithography
was performed to form a CPW (Coplanar Waveguides).

In the device for measuring the leakage power, Al
electrodes of 150 um x 50 um were formed on the
measuring SOI substrate so as to have distance of 100 um
between the electrodes.

[0032]

Then, radio-frequency was applied to the measuring
SOI substrate with the device formed thereon, and the
leakage power between the Al electrodes to the input
power was measured. The measurement was performed by
applying each radio-frequency with a frequency in a
range of 1x10%® to 1x10' Hz. From the data of frequency-
dependence of the leakage power, values at 1 GHz (1x10°
Hz), which appeared to clearly reflect the difference of
substrates, were adopted as representatives of the
leakage power to determine a relationship in FIG. 3.
[0033]

On the basis of the determined interface state

12



densities measured as described above, converted
resistances were determined.

In this case, the capacity Csi of the SO0I layer
with a thickness of 160 nm comes to be 6.53x107% F, the
capacity Cox of the BOX layer with a thickness of 1000
nm comes to be 7.195x107® F. From Equation 1, it was
determined that SSL is 0.15 when the interface state
density is 1x10'? cm™?ev™®, SSL is 0.015 when the
interface state density is 1x10* cm™@ev™?, and SSL is
0.0015 when the interface state density is 1x10% cm™?evt.
[0034]

Furthermore, the SSL was converted to a resistance
with the coefficient to convert the SSL into the
resistance being set to 10000 in this case on the basis
of the relationship with radio-frequency characteristics.
In this manner, on the basis of interface state
densities of the BOX layer and the base wafer measured
when 1 GHz was applied, each converted resistance was
determined. Then, the relationship between the
converted resistance and the leakage power was
determined and shown in FIG. 4.

[0035]

Subsequently, an evaluation target S0OI substrate
was prepared in the same manner as described above. On
the evaluation target SOI substrate, the interface state
density was measured by a pseudo MOSFET method. From
the measured interface state density, the leakage power
of the evaluation target SOI substrate upon application
of radio-frequency could be evaluated on the basis of
the previously determined relationship between the
interface state density and the leakage power in FIG. 3.
[0036]

On the basis of the measured interface state
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density of the evaluation target SOI substrate, the
converted resistance was determined in the same manner
as described above. From the converted resistance, the
leakage power of the evaluation target SOI substrate
upon application of radio-fregquency could be evaluated
on the basis of the previously determined relationship
between the resistance and the leakage power in FIG. 4.
[0037]

As described above, the relationship between an
interface state density and a leakage power or the
relationship between a resistance and a leakage power
were previously determined, which made it possible to
estimate and correctly evaluate the difference of
leakage powers due to the difference of existence or
nonexistence of a trap layer and so on as shown in FIG.
2 from the interface state density of the evaluation
target SOI substrate or the resistance converted from
the interface state density without forming a device by
using these relationships. As a result, it has become
possible to perform a correct evaluation in a convenient
method.

[0038]

It is to be noted that the present invention is
not limited to the foregoing embodiment. The embodiment
is just an exemplification, and any examples that have
substantially the same feature and demonstrate the same
functions and effects as those in the technical concept
described in claims of the present invention are

included in the technical scope of the present invention.
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CLAIMS

1. A method for evaluating a radio-frequency
characteristic of an evaluation target S0OI substrate
upon application of radio-freguency, comprising the
steps of:

forming a device onto a measuring SOI substrate,
and on the measuring SOI substrate, previously
determining a relationship between an interface state
density and a leakage power upon application of radio-
frequency, or converting the interface state density to
a resistance followed by previously determining a
relationship between the converted resistance and the
leakage power;

measuring an interface state density of the
evaluation target SOOI substrate to determine the
interface state density or a resistance converted from
the interface state density;

evaluating a leakage power of the evaluation
target SOI substrate from the measured interface state
density of the evaluation target SOI substrate on the
basis of the previously determined relationship between
the interface state density and the leakage power, or
from a resistance converted from the measured interface
state density of the evaluation target SOOI substrate on
the basis of the previously determined relationship

between the resistance and the leakage power.
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